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DFE 76186 /1971 Woodworking machines are disclosed having cutting tools
DE 2800403 7/1979 adapted to cut workpieces. The machines include a detection
DE 3427733 1/1986 system adapted to detect one or more dangerous conditions
DE 4235161 Al 5/1993 between a person and the cutting tool. The machines also
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FR 2556643 6/1985 17 Claims, 13 Drawing Sheets
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BRAKE MECHANISM FOR POWER
EQUIPMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS 5

This application claims the benefit of and prionty from

the following U.S. Provisional Patent Applications: Ser. No.
60/225,056, filed Aug. 14, 2000, Ser. No. 60/225,057, filed

Aug. 14, 2000, Ser. No. 60/225,038, filed Aug. 14, 2000, Ser. 10
No. 60/225,059, filed Aug. 14, 2000, Ser. No. 60/225,089,
filed Aug. 14, 2000, Ser. No. 60/225,094, filed Aug. 14,
2000, Ser. No. 60/225,169, filed Aug. 14, 2000, Ser. No.
60/225,170, filed Aug. 14, 2000, Ser. No. 60/225,200, filed
Aug. 14, 2000, Ser. No. 60/225,201, filed Aug. 14, 2000, Ser. 15
No. 60/225,206, filed Aug. 14, 2000, Ser. No. 60/223,210,
filed Aug. 14, 2000, Ser. No. 60/225,211, filed Aug. 14,
2000, and Ser. No. 60/225,212, filed Aug. 14, 2000.

FIELD 20

The present invention relates to safety systems for power
equipment, and more particularly to a brake mechanism for
use on power equipment, such as woodworking machines.

25
BACKGROUND

Safety systems are often employed with power equipment
such as table saws, miter saws, band saws, jointers, shapers,
circular saws and other woodworking machinery, to mim- 3,
mize the risk of injury when using the equipment. Probably
the most common safety feature 1s a guard that physically
blocks an operator from making contact with dangerous
components of machinery, such as belts, shaits or blades. In
many cases, guards ellectively reduce the risk of injury, ;s
however, there are many instances where the nature of the
operations to be performed precludes using a guard that
completely blocks access to hazardous machine parts.

The present invention discloses a safety system, and
power equipment incorporating a safety system, that 4
includes a brake mechanism adapted to engage the blade or
other cutting tool to protect the user against serious injury if
a dangerous, or triggering, condition, such as contact
between the user’s body and the blade or other cutting tool,
occurs. The brake mechanism includes a pawl that 1s biased 45
to engage and quickly stop the blade or other cutting tool.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram of a machine with a
fast-acting safety system according to the present invention.
FIG. 2 1s a schematic diagram of an exemplary safety
system 1n the context of a machine having a circular blade.
FIG. 3 1s a side elevation view of a brake mechanism,
including a pawl, according to the present invention. 55
FIG. 4 1s a side elevation view of a portion of another
brake mechanism according to the present invention.
FIG. 3 1s a side elevation view of another pawl according
to the present 1nvention.
FI1G. 6 1s a side elevation view of another pawl according ¢
to the present invention.
FIG. 7 1s an 1sometric view of another pawl according to
the present imvention.
FIG. 8 15 a side elevation view of another pawl according
to the present invention. 65
FIG. 9 1s a side elevation view of another pawl according
to the present 1nvention.

2

FIG. 10 1s a side elevation view of another pawl according,
to the present invention.

FIG. 11 1s a side elevation view of another pawl according
to the present invention.

FIG. 12 1s a side elevation view of another pawl according
to the present 1nvention.

FIG. 13 1s a side elevation view of another pawl according,
to the present 1nvention.

FIG. 14 1s a side elevation view of another pawl according,
to the present 1nvention.

FIG. 15 1s a side elevation view of another pawl according,
to the present 1nvention.

FIG. 16 1s a side elevation view of another pawl according,
to the present invention.

FIG. 17 1s a side elevation view of another brake mecha-
nism according to the present invention.

FIG. 18 1s a side elevation view of another brake mecha-
nism according to the present invention.

FIG. 19 1s a side elevation view of another brake mecha-
nism according to the present invention.

FIG. 20 1s a side elevation view of another brake mecha-
nism according to the present invention.

FIG. 21 1s a top plan view of the brake mechanism of FIG.
20.

FIG. 22 15 a side elevation view of a brake mechanism
according to the present invention with a translational pawl.

FIG. 23 1s a side elevation view of another brake mecha-
nism with a translational pawl according to the present
invention.

FIG. 24 1s a side elevation view of another brake mecha-
nism with a translational pawl according to the present
invention.

FIG. 25 15 a side elevation view of another brake mecha-
nism with a translational pawl according to the present
invention.

FIG. 26 1s a side elevation view of a brake mechanism that
includes plural pawls.

FIG. 27 1s a fragmentary side elevation view of another
brake mechanism that includes plural pawls.

FIG. 28 1s a top plan view of another brake mechanism
according to the present invention.

DETAILED DESCRIPTION

A machine 1s generally at 10. Machine 10 may be any of
a variety of different machines adapted for cutting work-
pieces, such as wood, including a table saw, miter saw (chop
saw ), radial arm saw, circular saw, band saw, jointer, planer,
etc. Machine 10 includes an operative structure 12 having a
cutting tool 14 and a motor assembly 16 adapted to drive the
cutting tool. Machine 10 also includes a safety system 18
configured to minimize the potential of a serious 1mjury to a
person using machine 10. Safety system 18 1s adapted to
detect the occurrence of one or more dangerous, or trigger-
ing, conditions during use of machine 10. If such a danger-
ous condition 1s detected, safety system 18 i1s adapted to
engage operative structure 12 to limit any injury to the user
caused by the dangerous condition.

Machine 10 also includes a suitable power source 20 to
provide power to operative structure 12 and safety system
18. Power source 20 may be an external power source such
as line current, or an mternal power source such as a battery.
Alternatively, power source 20 may include a combination
of both external and internal power sources. Furthermore,
power source 20 may include two or more separate power
sources, each adapted to power diflerent portions of machine

10.
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It will be appreciated that operative structure 12 may take
any one of many diflerent forms, depending on the type of
machine 10. For example, operative structure 12 may
include a stationary housing configured to support motor
assembly 16 1n driving engagement with cutting tool 14.
Alternatively, operative structure 12 may include a movable
structure configured to carry cutting tool 14 between mul-
tiple operating positions. As a further alternative, operative
structure 12 may include one or more transport mechanisms
adapted to convey a workpiece toward and/or away from
cutting tool 14.

Motor assembly 16 includes one or more motors adapted
to drive cutting tool 14. The motors may be either directly
or indirectly coupled to the cutting tool, and may also be
adapted to drive workpiece transport mechanisms. Cutting
tool 14 typically includes one or more blades or other
suitable cutting implements that are adapted to cut or
remove portions from the workpieces. The particular form of
cutting tool 14 will vary depending upon the various
embodiments of machine 10. For example, in table saws,
miter saws, circular saws and radial arm saws, cutting tool
14 will typically include one or more circular rotating blades
having a plurality of teeth disposed along the perimetrical
edge of the blade. For a jointer or planer, the cutting tool
typically includes a plurality of radially spaced-apart blades.
For a band saw, the cutting tool includes an elongate,
circuitous tooth-edged band.

Safety system 18 includes a detection subsystem 22, a
reaction subsystem 24 and a control subsystem 26. Control
subsystem 26 may be adapted to receive inputs from a
variety of sources including detection subsystem 22, reac-
tion subsystem 24, operative structure 12 and motor assem-
bly 16. The control subsystem may also include one or more
sensors adapted to monitor selected parameters of machine
10. In addition, control subsystem 26 typically includes one
or more instruments operable by a user to control the
machine. The control subsystem 1s configured to control
machine 10 1n response to the mputs it receives.

Detection subsystem 22 1s configured to detect one or
more dangerous, or triggering, conditions during use of
machine 10. For example, the detection subsystem may be
configured to detect that a portion of the user’s body 1is
dangerously close to, or 1n contact with, a portion of cutting
tool 14. As another example, the detection subsystem may
be configured to detect the rapid movement of a workpiece
due to kickback by the cutting tool, as 1s described 1n U.S.
Provisional Patent Application Ser. No. 60/182,866, the
disclosure of which is herein incorporated by reference. In
some embodiments, detection subsystem 22 may inform
control subsystem 26 of the dangerous condition, which then
activates reaction subsystem 24. In other embodiments, the
detection subsystem may be adapted to activate the reaction
subsystem directly.

Once activated 1n response to a dangerous condition,
reaction subsystem 24 1s configured to engage operative
structure 12 quickly to prevent serious 1njury to the user. It
will be appreciated that the particular action to be taken by
reaction subsystem 24 will vary depending on the type of
machine 10 and/or the dangerous condition that 1s detected.
For example, reaction subsystem 24 may be configured to do
one or more of the following: stop the movement of cutting
tool 14, disconnect motor assembly 16 from power source
20, place a barrier between the cutting tool and the user, or
retract the cutting tool from 1ts operating position, etc. The
reaction subsystem may be configured to take a combination
of steps to protect the user from serious injury. Placement of
a barrier between the cutting tool and teeth 1s described 1n
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4

more detail in U.S. Provisional Patent Application Ser. No.
60/225,206, entitled “Cutting Tool Safety System,” filed

Aug. 14, 2000 by SD3, LLC, the disclosure of which 1s
herein incorporated by reference. Retraction of the cutting
tool from 1ts operating position 1s described 1n more detail in
U.S. Provisional Patent Application Ser. No. 60/2235,089,
entitled “Retraction System For Use In Power Equipment,”
filed Aug. 14, 2000 by SD3, LLC, the disclosure of which 1s
herein incorporated by reference.

The configuration of reaction subsystem 24 typically will
vary depending on which action(s) are taken. In the exem-
plary embodiment depicted in FIG. 1, reaction subsystem 24
1s configured to stop the movement of cutting tool 14 and
includes a brake mechanism 28, a biasing mechanism 30, a
restraining mechanism 32, and a release mechanism 34.
Brake mechanism 28 1s adapted to engage operative struc-
ture 12 under the urging of biasing mechanism 30. During
normal operation of machine 10, restraining mechanism 32
holds the brake mechanism out of engagement with the
operative structure. However, upon receipt of an activation
signal by reaction subsystem 24, the brake mechanism 1s
released from the restraining mechanism by release mecha-
nism 34, whereupon, the brake mechanism quickly engages
at least a portion of the operative structure to bring the
cutting tool to a stop.

It will be appreciated by those of skill in the art that the
exemplary embodiment depicted in FIG. 1 and described
above may be implemented 1n a variety of ways depending
on the type and configuration of operative structure 12.
Turming attention to FIG. 2, one example of the many
possible 1implementations of safety system 18 1s shown.
System 18 1s configured to engage an operative structure
having a cutting tool 1n the form of a circular blade 40
mounted on a rotating shait or arbor 42. Blade 40 includes
a plurality of cutting teeth (not shown) disposed around the
outer edge of the blade. As described 1n more detail below,
braking mechamism 28 1s adapted to engage the teeth of
blade 40 and stop the rotation of the blade. U.S. Provisional
Patent Application Ser. No. 60/225,210, entitled “Iransla-
tion Stop For Use In Power Equipment,” filed Aug. 14, 2000
by SD3, LLC, the disclosure of which 1s herein incorporated
by reference, describes other systems for stopping the move-
ment of the cutting tool. U.S. Provisional Patent Application
Ser. No. 60/225,038, entitled “Table Saw With Improved
Safety System,” filed Aug. 14, 2000 by SD3, LLC and U.S.
Provisional Patent Application Ser. No. 60/225,057, entitled
“Miter Saw With Improved Safety System,” filed Aug. 14,
2000 by SD3, LLC, the disclosures of which are herein
incorporated by reference, describe safety system 18 1n the
context of particular types of machines 10.

In the exemplary implementation, detection subsystem 22
1s adapted to detect the dangerous condition of the user
coming 1nto contact with blade 40. The detection subsystem
includes a sensor assembly, such as contact detection plates
44 and 46, capacitively coupled to blade 40 to detect any
contact between the user’s body and the blade. Typically, the
blade, or some larger portion of cutting tool 14 1s electrically
isolated from the remainder of machine 10. Alternatively,
detection subsystem 22 may include a different sensor
assembly configured to detect contact in other ways, such as
optically, resistively, etc. In any event, the detection sub-
system 1s adapted to transmit a signal to control subsystem
26 when contact between the user and the blade 1s detected.
Various exemplary embodiments and implementations of
detection subsystem 22 are described 1n more detail in U.S.
Provisional Patent Application Ser. No. 60/225,200, entitled
“Contact Detection System For Power Equipment,” filed
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Aug. 14, 2000 by SD3, LLC and U.S. Provisional Patent
Application Ser. No. 60/225,211, entitled “Apparatus And
Method For Detecting Dangerous Conditions In Power
Equipment,” filed Aug. 14, 2000 by SD3, LLC, the disclo-
sures of which are herein incorporated by reference.

Control subsystem 26 includes one or more mnstruments
48 that are operable by a user to control the motion of blade
40. Instruments 48 may include start/stop switches, speed
controls, direction controls, etc. Control subsystem 26 also
includes a logic controller 50 connected to receive the user’s
inputs via instruments 48. Logic controller 50 1s also con-
nected to receive a contact detection signal from detection
subsystem 22. Further, the logic controller may be config-
ured to receive mputs from other sources (not shown) such
as blade motion sensors, workpiece sensors, etc. In any
event, the logic controller 1s configured to control operative
structure 12 1n response to the user’s inputs through instru-
ments 48. However, upon receipt of a contact detection
signal from detection subsystem 22, the logic controller
overrides the control inputs from the user and activates
reaction subsystem 24 to stop the motion of the blade.
Various exemplary embodiments and implementations of
control subsystem 26 are described in more detail in U.S.
Provisional Patent Application Ser. No. 60/225,059, entitled
“Logic Control For Fast Acting Safety System,” filed Aug.
14, 2000 by SD3, LLC and U.S. Provisional Patent Appli-
cation Ser. No. 60/225,094, entitled “Motion Detecting
System For Use In Safety System For Power Equipment,”
filed Aug. 14, 2000 by SD3, LLC, the disclosures of which
are herein incorporated by reference.

In the exemplary implementation, brake mechanism 28
includes a pawl 60 mounted adjacent the edge of blade 40
and selectively moveable to engage and grip the teeth of the
blade. Pawl 60 may be constructed of any suitable material
adapted to engage and stop the blade. As one example, the
pawl may be constructed of a relatively high strength
thermoplastic material such as polycarbonate, ultrahigh
molecular weight polyethylene (UHMW) or Acrylonitrile
Butadiene Styrene (ABS), etc., or a metal such as aluminum,
ctc. It will be appreciated that the construction of pawl 60
will vary depending on the configuration of blade 40. In any
event, the pawl 1s urged 1nto the blade by a biasing mecha-
nism 1n the form of a spring 66. In the illustrative embodi-
ment shown i FIG. 2, pawl 60 1s pivoted into the teeth of
blade 40. It should be understood that sliding or rotary
movement of pawl 60 may also be used. The spring 1s
adapted to urge pawl 60 1nto the teeth of the blade with
suilicient force to grip the blade and quickly bring it to a
stop.

The pawl 1s held away from the edge of the blade by a
restraiming mechanism in the form of a fusible member 70.
The fusible member 1s constructed of a suitable material
adapted to restrain the pawl against the bias of spring 66, and
also adapted to melt under a determined electrical current
density. Examples of suitable materials for fusible member
70 include Ni1Chrome wire, stainless steel wire, etc. The
fusible member 1s connected between the pawl and a contact
mount 72. Preferably, fusible member 70 holds the pawl
relatively close to the edge of the blade to reduce the
distance the pawl must travel to engage the blade. Position-
ing the pawl relatively close to the edge of the blade reduces
the time required for the pawl to engage and stop the blade.
Typically, the pawl 1s held approximately 132-inch to Y4-inch
from the edge of the blade by fusible member 70, however
other pawl-to-blade spacings may also be used within the
scope of the mvention.
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Pawl 60 1s released from 1its unactuated, or cocked,
position to engage blade 40 by a release mechanism 1n the
form of a firing subsystem 76. The firing subsystem 1s
coupled to contact mount 72, and 1s configured to melt
fusible member 70 by passing a surge of electrical current
through the fusible member. Firing subsystem 76 1s coupled
to logic controller 50 and activated by a signal from the logic
controller. When the logic controller receives a contact
detection signal from detection subsystem 22, the logic
controller sends an activation signal to firing subsystem 76,
which melts fusible member 70, thereby releasing the pawl
to stop the blade. Various exemplary embodiments and
implementations of reaction subsystem 24 are described 1n
more detail in U.S. Provisional Patent Application Ser. No.
60/225,056, entitled “Firing Subsystem For Use In Fast
Acting Safety System,” filed Aug. 14, 2000 by SD3, LLC
and U.S. Provisional Patent Application Ser. No. 60/225,
170, entitled “Spring-Biased Brake Mechanism for Power
Equipment,” filed Aug. 14, 2000 by SD3, LLC, the disclo-
sures ol which are herein mcorporated by reference.

It will be appreciated that activation of the brake mecha-
nism will require the replacement of one or more portions of
satety system 18. For example, pawl 60 and fusible member
70 typically must be replaced before the safety system 1is
ready to be used again. Thus, it may be desirable to construct
one or more portions of safety system 18 in a cartridge that
can be easily replaced. For example, in the exemplary
implementation depicted in FIG. 2, safety system 18
includes a replaceable cartridge 80 having a housing 82.
Pawl 60, spring 66, fusible member 70 and contact mount 72
are all mounted within housing 82. Alternatively, other
portions of safety system 18 may be mounted within the
housing. In any event, after the reaction system has been
activated, the safety system can be reset by replacing car-
tridge 80. The portions of safety system 18 not mounted
within the cartridge may be replaced separately or reused as
appropriate. Various exemplary embodiments and imple-
mentations of a safety system using a replaceable cartridge
are described 1n more detail 1n U.S. Provisional Patent
Application Ser. No. 60/225,201, enftitled “Replaceable
Brake Mechanism For Power Equipment,” filed Aug. 14,
2000 by SD3, LLC and U.S. Provisional Patent Application
Ser. No. 60/225,212, entitled “Brake Positioning System,”
filed Aug. 14, 2000 by SD3, LLC, the disclosures of which
are herein incorporated by reference.

While one particular implementation of safety system 18
has been described, 1t will be appreciated that many varia-
tions and modifications are possible within the scope of the
invention. Many such variations and modifications are
described 1n U.S. Provisional Patent Applications Ser. Nos.
60/182,866 and 60/157,340, the disclosures of which are
herein incorporated by reference.

As discussed, safety system 18 includes a brake mecha-
nism 28 that 1s adapted to stop the cutting tool, thereby
preventing or reducing injury to the user. As also discussed
previously, brake mechanism 28 may include at least one
pawl 60 adapted to engage the cutting tool to stop the
rotation thereolf. For purposes of the following discussion,
cutting tool 14 will be described 1n the context of a blade 40,
such as on a table saw, miter saw, circular saw or the like.
It should be understood that blade 40 may include single
blades, such as plywood or carbide-tipped blades, or an
assembly of several blades, such as a dado blade.

As discussed, pawl 60 may be made of any suitable
material that 1s capable of quickly stopping the blade or
other cutting tool within the desired time increment, such as
less than 5 milliseconds, and preferably, 3 milliseconds or



US 7,024,975 B2

7

less. The above examples of thermoplastic and metallic
maternials have proven eflective, although other materials
may be used so long as they are able to stop the blade within
the desired time increment. Preferably, the pawl 1s formed of
a material that does not damage the machine, and even more
preferably, the pawl 1s formed of a material that does not
damage the cutting tool. The pawl may be formed by any
suitable method, such as by cutting sheets of the desired
material to size or by molding. Similarly, the pawls may be
annealed to increase their strength.

It should be understood that the heavier the pawl, the
more force 1t will take to urge the pawl into contact with the
blade or other cutting tool within the selected time increment
and the more restraining force that restraining mechanism 32
will need to exert to counteract the biasing mechanism. On
the other hand, the pawl must have suflicient mass and
strength to withstand the forces exerted upon the pawl by the
blade. It should also be understood that the longer 1t takes for
pawl 60 to engage the blade after detection of a dangerous,
or triggering, condition by detection subsystem 22, the
longer the blade will rotate and potentially cut the user’s
hand or other body part. Therefore, 1t 1s preferred that this
time be minimized, such as by decreasing the distance pawl
60 must travel to engage the blade and increasing the speed
at which the pawl moves to travel this distance. The speed
at which the pawl travels 1s largely dependent upon the
weight of the pawl, the force with which biasing mechanism
30 urges the pawl toward the blade upon release of restrain-
ing mechanism 32, and any iriction in the mechanism.

There 1s not a specific pawl size, geometry or weight that
1s required to be suitable for use to stop the blade or other
cutting tool. Instead, the size, geometry and weight may
vary, depending upon such factors as the particular type of
machine and cutting mechamsm with which the pawl 1s
used, the pawl material or combinations of materials, the
corresponding structure of biasing mechanism 30 and
restraiming mechamism 32, etc. As such, the following dis-
cussion of maternials, sizes and geometries are meant to
provide 1llustrative examples of some suitable matenals,
geometries and sizes. Similarly, pawls may be formed with
any combination of one or more of the subsequently dis-
cussed elements, subelements and possible vanations,
regardless of whether the elements, subelements and pos-
sible variations are shown together in the same figure.

The thickness of pawl 60 may vary. Thicknesses in the
range ol approximately 2 inch and approximately 1 inch
have proven eflective, although thicknesses outside of this

range may be used so long as the pawl may reliably stop the
blade. When thicker blades, such as dado blades are used,

the pawl 1s more likely to have a thickness greater than 1
inch.

Pawl 60 engages the blade to quickly stop the rotation of
the blade. Pawl 60 may engage the blade 1n several diflerent
configurations, such as engaging the side of the blade or the
teeth of the blade. As shown in FIG. 3, pawl 60 1s pivotally
mounted on an axle 502 that extends through a bore 504 in
the pawl, and pawl 60 1s adapted to pivot into the teeth 506
ol blade 40 under the influence of a biasing mechanism, such
as spring 66. It 1s within the scope of the invention that the
pivotal pawls described herein may alternatively pivot with
an axle upon which the pawl i1s secured, as opposed to
pivoting about the axle. Other suitable biasing mechanisms
are disclosed 1n copending U.S. Provisional Patent Appli-
cation Ser. No. 60/225,170, entitled “Spring-Biased Brake
Mechanism for Power Equipment,” filed Aug. 14, 2000 by
SD3, LLC, which 1s incorporated herein by reference. Pret-
erably, pawl 60 1s adapted to be seli-locking, 1.e., drawn 1nto
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tighter engagement with the teeth of blade 40 due to the
relative geometry of the blade and pawl as they are drawn
together. For example, when blade 40 1s spinning in the
indicated direction in FIG. 3, the blade will draw the pawl
into tighter engagement with the blade when the blade
contacts the pawl.

The spacing from pawl 60 to blade 40 when the pawl 1s
in 1ts restrained, or cocked, position may vary. For example,
this spacing may vary depending on the configuration of the
particular cutting tool, the detection system, and/or the brake
system. Preferably, this distance 1s minimized to reduce the
time required for the pawl to travel across this distance and
engage the blade. It has been found that a space of approxi-
mately laz2-inch to Va-inch between the pawl and blade
provides suitable results. A spacing of approximately 1s-
inch has proven particularly effective, although larger and
smaller distances may be used and are within the scope of
the present invention. Because many cutting tools such as
saw blades do not have precisely uniform dimensions, it may
be necessary to position the pawl sufliciently away from the
blade to account for variations or irregularities 1n a particular
blade, such as described 1n copending U.S. Provisional
Patent Application, which 1s entitled “Brake Positioning
System,” and which 1s incorporated herein by reference.
Also 1t may be necessary to adjust the position of the pawl
whenever a blade i1s replaced to account for variations
between particular blades. For example, for circular saw
blades having nominal diameters of 10-1nches and nominal
thicknesses of 0.125-1nch, actual blades from various manu-
facturers or for diflerent applications may have diameters
that range between 9.5-inches and 10.5-inches and thick-
nesses that range between 0.0735-inch and 0.15-1nch.

In the illustrative embodiment of pawl 60 shown 1n FIG.
3, 1t can be seen that pawl 60 includes a body 508 with a
contact surface 510 that 1s adapted to engage blade 40. Pawl
60 also includes an engagement member 312 that 1s adapted
to be engaged by biasing mechanism 30. As shown engage-
ment member 512 forms part of the face 514 of the pawl that
faces generally away from the cutting tool. Engagement
member 512 may also include a recess into or protrusion
from the body of the pawl. In the mounting position shown
in FIG. 3, pawl 60 pivots into the blade upon release of
restraining mechanism 32, such as when the safety system
sends a current through fusible member 70. When the pawl
contacts the blade, the contact surface extends generally
tangential to the blade, and the teeth of the blade embed 1nto
the pawl.

Another 1llustrative example of pawl 60 1s shown 1n FIG.
4. As shown, the pawl 1s somewhat smaller than the pawl
shown 1n FIG. 3. An advantage of a smaller pawl is that it
will be lighter than a larger pawl constructed from the same
material, and therefore 1t will not require as great of spring,
force to urge the pawl into the blade 1n a selected time
interval as a heavier pawl. On the other hand, a smaller pawl
will tend to, but not necessarily, have a smaller contact
surface 510. In FIG. 4, the pawl includes a blade-engaging
shoulder 516 that 1s adapted to engage the blade before the
contact surface, or at least a substantial portion of the contact
surface, engages the blade. Shoulder 514 may include a
protrusion 516' that extends from the surface 518 of the pawl
generally facing the blade. Shoulder 516 and/or protrusion
516' engage the blade prior to the contact surface of the
pawl, and this contact quickly pivots the contact surface of
the pawl into engagement with the blade. In essence, the
shoulder or protrusion reduces the time and/or spring force
required to quickly move the pawl into a position to stop the
blade by using the blade momentum, transferred by contact
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with the shoulder, to draw the pawl into the blade. Also
shown 1n FIG. 4 1s another embodiment of engagement
member 512, which as shown includes a collar 520 extend-
ing from surface 514 and into which a portion of spring 66
1s recerved. Collar 520 has an inner diameter that 1s greater
than the diameter of the portion of the spring receirved
therein. Collar 520 facilitates the positioning of the spring
during assembly, or cocking, of the brake mechanism.

Another 1illustrative example of a suitable pawl 60 1s
shown in FIG. 5. As shown, the pawl 1s somewhat larger
than the previously illustrated pawls and includes a contact
surface 510 that generally conforms to the outer diameter of
the blade. Also shown 1n FIG. 5 1s a mounting assembly 522
for restraining mechanism 32. As shown, mounting assem-
bly 522 includes an aperture 524 through which a portion of
the restraiming mechanism, such as a portion of fusible
member 70, extends. Fusible member 70 may also be
described as extending around a portion 526 of the pawl.
Other suitable fusible members and restraining mechanisms
are disclosed 1n copending U.S. Provisional Patent Appli-
cation Ser. No. 60/225,056, entitled “Firing Subsystem for
Use 1n a Fast-Acting Safety System,” filed Aug. 14, 2000 by
SD3, LLC, which 1s incorporated herein by reference.

To increase the gripping action of the pawls on the blade,
the contact surfaces 5310 of the pawls may be coated with a
performance-enhancing material 527, such as shown 1n FIG.
6. An example of a performance-enhancing material 1s a
relatively high-friction material such as rubber or a matenal
that “tangles,” or snares, 1n the teeth of the blade or other
cutting tool, such as Kevlar cloth or metal mesh. Alterna-
tively, the pawls may be constructed of a harder material
than the blade and have a ndged surface to “bite” into the
blade. Alternatively, or additionally, the pawl may be con-
figured with grip structure 529 such as coatings of high-
friction material, grooves, notches, holes, protuberances,
etc., to further increase the gripping action of the pawls.

Pawl 60 may include one or more removed regions. These
regions may take any suitable form, such as depressions that
extend partially through the pawl or bores or other apertures
that extend completely through the pawl. An example of a
pawl showing plural removed regions 528 in the form of
depressions 530 1s shown 1n FIG. 7. The removed regions
reduce the overall weight of the pawl, thereby decreasing the
relative force that biasing mechanism 30 needs to exert on
the pawl to move the pawl 1into contact with the blade within
a selected time 1nterval, as compared to a similar pawl of
greater weight. Depressions, or recesses, 530 may also
improve the grip of the pawl on the teeth of the blade by
allowing the teeth to bite more deeply into the pawl.

An example of another embodiment of engagement mem-
ber 512 1s also shown 1n FIG. 7 1n the form of a depression
532 that extends into the body 508 of the pawl and into
which a portion of spring 66 extends. Depression 532 may
be laterally open, or may include sidewalls 534, such as
indicated 1n dashed lines. Also shown 1n FIG. 7 1s a mount
535 adapted to be coupled to biasing mechanism 30. As
shown, mount 535 takes the form of a projection around
which a portion of a coil spring (such as spring 66 shown in
FIG. 4) extends. It should be understood that mount 535 may
be used independent of depression 532 and/or side walls
534. The pawl shown 1n FIG. 7 also shows another suitable
embodiment of a mounting assembly 322 for restraining
mechanism 32. As shown, the mounting assembly includes
a mount 536 for a linkage 538, which is coupled to a fusible
member that 1s not physically 1n contact with pawl 60.

The pawl shown in FIG. 7 may also be described as
having a body 508 with a blade-engaging portion 540 and at
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least one region of reduced thickness compared to the
blade-engaging portion. For example, the previously
described depressions 530 have a reduced thickness com-
pared to blade-engaging portion 540. The increased thick-
ness ol the blade-engaging portion provides additional
strength to that portion of the pawl, while the reduced-
thickness portions reduce the overall mass of the pawl. Pawl
60 may also be described as including one or more ribs, or
supports 542 extending generally between bore 504 and
blade engaging portion 540 to strengthen the pawl.

An example of a pawl having plural removed regions 543
in the form of apertures 544 i1s shown 1n FIG. 8. Apertures
544 reduce the comparative weight of the pawl compared to
a similar pawl that does not include apertures or other
removed regions. Apertures 544 also provide regions into
which the matenial forming pawl 60 may deform, or tlow,
into as the blade or other cutting tool strikes the pawl.
Having these deformation regions reduces the stress to the
pawl as 1t engages the blade. It should be understood that the
s1ze and positioning of the removed regions 343 discussed
herein are for purposes of illustration and that these regions
may be positioned 1n any suitable location on the pawl 1n a
variety of shapes, sizes and configurations.

A variation of the pawl of FIG. 8 1s shown 1n FIG. 9, 1n
which the apertures 544 have been filled with another
material 546. It should be understood that some or all of the
apertures may be partially or completely filled with material
546. For example, the body of pawl 60 may be formed from
one of the previously described materials, with the apertures
filled with another of the previously described matenals or
a material other than those described above. As a particular
example, the body of the pawl may be formed from poly-
carbonate or ABS, with apertures 544 filled with aluminum
or another suitable metal.

Another vanation of the pawl of FIG. 8 1s shown in FIG.
10. In FIG. 10, pawl 60 includes a plurality of apertures 544
through which one or more wires 548 are passed. As shown,
a single wire 348 1s looped through the apertures and also
extends across a portion of contact surface 510. Although
illustrated schematically with the number of wires or wire
strands shown in FIG. 10, there may preferably be many
strands of wire, such as in the range of approximately 20 and
approximately 500 strands. It should be understood that a
“strand” of wire 1s meant to refer to a length of wire
extending across the pawl, such as transverse to the plane of
the blade or other cutting tool, regardless of whether the
strand 1s connected to other strands or formed from the same
unmitary length of wire as other strands. Alternatively, the
wire or wires could be threaded through one or more of the
apertures without extending across the contact surface. An
example of a suitable material for wire 548 1s high tensile
strength stainless steel, which 1s available 1n a vanety of
diameters. In experiments, diameters of 0.01 inch have
proven ellective, but larger or smaller diameter wires 548, as
well as wires formed of other materials, may be used and are
within the scope of the mvention.

Other forms of composite pawls according to the present
invention include pawls formed from two or more regions of
different materials. An example of such a composite pawl 60
1s shown in FIG. 11, 1n which the body 508 of the pawl
includes a region 350 of material that 1s a different material
than the rest of the body and which forms at least a portion
of blade-engaging portion 540. It should be understood that
the region 550 may have a variety of shapes, including
layers of generally umiform thickness, such as shown in solid
lines 1n FIG. 11, or less uniform shapes, such as layer 350

shown in dashed lines in FIG. 11.
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Pawl 60 may also be formed from composites of mate-
rials, such as by layers of different matenials or by impreg-
nating or embedding a particular material of construction
with another material to add or enhance a desired property.
For example, a thermoplastic material may include a frame-
work or dispersion of fibers or other materials. An example
ol a pawl constructed of such a composite 1s shown in FIG.
12, 1n which the body of the pawl 1s formed of a core
material 552 into which a filler material 554 1s added. Filler
material 554 may take the form of particulates, fibers, woven
fibers, pellets and the like.

Pawl 60 may also include a removable blade-engaging
portion 540. This allows the pawl to be recharged for reuse
after the pawl 1s used to stop blade 60 and the blade-
engaging portion 1s damaged by the blade. It should be
understood that “removable” means that the blade-engaging
portion may be selectively removed and reattached to the
rest of the pawl. An example of such a pawl 1s shown 1n FIG.
13, 1n which the pawl includes body 508 and removable
blade-engaging portion 540'. Portion 540' may be formed of
the same or a different material or combination of materials
as body 3508. Blade-engaging portion 540' may be attached
to body 508 by any suitable attachment mechanism 556,
which 1s only schematically illustrated 1n FIG. 13. Examples
of suitable attachment mechamisms 556 include interlocking
portions on the body and blade-engaging portion and/or
mechanical linkages coupled between the body and blade-
engaging portion.

In FIG. 14, pawl 60 includes a sheath, or cover, 358 that
overlies at least the blade-engaging portion of the pawl.
Sheath 558 1s formed of a material that enhances the pawl’s
ability to stop blade 40, preferably without damaging the
blade. For example, sheath 558 may be formed of Kevlar
cloth. Similarly, such a maternial may be embedded into the
thermoplastic or other material forming pawl 60, such as
schematically 1llustrated 1n FIG. 12. Sheath 558 may extend
completely or partially around the pawl, or alternatively may
be partially embedded 1n the pawl, such as shown in FIG. 15.
Furthermore, Kevlar cloth, or pieces thereof may be embed-
ded mto the thermoplastic or other material forming the
pawl, such as discussed previously with respect to FIG. 12,
regardless of whether this maternial extends across the blade-
engaging portion of the pawl.

A variation of a pawl that includes sheath 558 1s shown 1n
FIG. 16. In FIG. 16, the body of the pawl defines a frame 560
that includes spaced-apart side walls 562 defining a channel
564 therebetween. Sheath 358 extends across the channel
and 1s positioned to engage and stop the blade as the pawl
1s urged 1nto the blade.

When pawl 60 1s mounted to pivot into engagement with
a blade or other cutting tool, the pawl may include more than
one pivot axis. An example of such a pawl 1s shown 1n FIGS.
1719, in which the pawl 1s mounted on a pair of pivot arms
566. As shown, pawl 60 has an elongate contact surface 510
that engages a large portion of the blade. Arms 566 may have
the same or different lengths, and can be mounted to pivot
anchors (not shown) positioned outside or inside the perim-
cter of the blade. An advantage of a pawl with an elongate
contact surface 1s that the force exerted by the pawl 1is
distributed across a larger portion of the blade, thereby
allowing the blade to be stopped more quickly. The longer
contact surface can also be used to reduce the chance of
damage to the blade because the braking force is spread over
more teeth.

In FIG. 17, arms 566 are mounted to suitable portions of
machine 10 distal the blade relative to pawl 60, while 1n FIG.
18, the arms are mounted proximate the blade relative to
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pawl 60. In FIG. 19, one of the pivot arms extends distal the
blade, while the other extends proximate the blade relative
to the pawl. An advantage of pivot arms that extend toward,
or proximately, the blade relative to the pawl 1s that the pawl
cannot be pivoted beyond a point after which the pawl will
pivot away from the blade rather than toward the blade. In
the embodiment of pawl 60 shown 1n FIG. 18, for example,
the pawl will always be drawn 1nto tighter engagement with
the blade when the blade 1s rotating 1n the direction shown
and strikes the pawl.

It should be understood that the previously described axle
502 or other structure to which the pawls are mounted may
be fixed relative to the housing of the machine. In embodi-
ments of the machine in which the position of the blade 1s
adjustable, the pawl 1s preterably mounted to move with the
blade as the blade’s position 1s adjusted. This latter arrange-
ment ensures that the pawl 1s maintained 1n a predetermined
position relative to the blade. Similarly, the charging plates
are prelferably mounted to move with either the blade or
arbor to maintain a predetermined and constant spacing
thereto.

Alternatively, the pawl may be mounted on a portion of
the machine that does not adjust with the blade, but 1n a
mounting orientation suitable for use with the blade regard-
less of the blade’s mounting position. An illustrative
example of such a “stationary” pawl 1s shown 1n FIGS. 20
and 21. By “stationary,” 1t 1s meant that the position of the
pawl does not move with the blade as the relative position
of the blade 1s moved. However, upon actuation of the
reaction subsystem, pawl 60 will still move into engagement
with the blade. Alternatively, with machines 1n which the
blade may raise and lower as well as tilt, the pawl may be
adapted to move with one adjustment, such as tilting with

the blade, but remain fixed with the other, such as when the
blade 1s raised or lowered.

As shown 1 FIGS. 20 and 21, pawl 60 1s elongate and
s1ized and shaped to extend along the outer perimeter 568 of
blade 40 as the blade 1s adjusted vertically. Similarly the
width of pawl 60 1s sized to extend the breadth of the incline
of blade 40. As shown in FIGS. 20 and 21, pawl 60 is
mounted generally parallel with the vertical axis of travel of
the blade, and generally normal to the axis of incline of the
blade. As a result, the spacing between the blade and contact
surface 510 remains constant regardless of the position or
orientation of the blade.

The upper end portion of pawl 60 1s pivotally attached to
upper pivot arms 370 by pivot pins 572 that pass through one
end of arms 570 into the sides of the pawl. The other ends
of pivot arms 570 are pivotally attached to one or more
mounts (not shown), by pivot pins 374. The lower end
portion of pawl 60 1s pivotally attached to lower pivot arms
576 by pivot pins 578 that pass through one end of arms 576
into the sides of the pawl. The lower pivot arms are pivotally
attached to mounts (not shown) by pivot pins 580. Biasing
mechanism 30, such as one or more springs 66, 1s attached
to the lower pivot arms on the side of pivot pins 580 opposite
pivot pins 578. Thus, pawl 60 1s configured to pivot toward
or away from blade 40. Upon release of restraining mecha-
nism 32, such as fusible member 70, the biasing mechanism
urges the upper ends of pivot arms 576 downward, thereby
drawing the lower end of the pivot arms and the correspond-
ing end portion of pawl 60 into engagement with the blade.

Pivot arms 570 and 576 are sized and arranged such that
pawl 60 cannot pivot up past the blade without striking the
edge of the blade. When the pawl strikes the blade while the
blade 1s rotating, the movement of the blade causes the pawl
to continue pivoting upward until the pawl 1s firmly wedged
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between the blade and pivot arms, thereby stopping the
blade. The contact surface 510 of the pawl may be textured,
coated, etc., to enhance the gripping action between the pawl
and the blade.

Pawl 60 1s biased upward to pivot toward the blade by
biasing mechanism 30, which for example includes one or
more springs 66 that are anchored to the saw frame or other
suitable mounting structure. Thus, when the pawl 1s free to
pivot, springs 66 drive the pawl quickly toward the blade.
Fusible member 70 1s connected to one or both of lower
pivot arms 376 to hold the pawl away from the blade. The
fusible member 1s sized to hold the pawl spaced slightly
away Irom the edge of the blade. However, when a sutflicient
current 1s passed through the fusible member the fusible
member will melt, causing the pawl to pivot toward the
blade under the urging of biasing mechanism 30.

It will be appreciated that many variations to the exem-
plary embodiment depicted in FIGS. 20 and 21 are possible
within the scope of the invention. For example, the pawl
may be configured to pivot toward the blade solely due to
gravity. Alternatively, springs 66 may be compression
springs which normally hold the pawl away from the blade
until 1t 1s pivoted upward under the force of another spring,
an explosive charge, a solenoid, gas pressure, etc. Further,
the pawl may be mounted on the other side of the blade to
pivot downward into the blade under the force of a spring,
an explosive charge, a solenoid, gas pressure, etc.

Another example of a suitable pawl 60 1s shown 1 FIG.
22. As shown, pawl 60 includes a rearward portion 582
facing generally away from contact surface 510. Portion 582
includes a plurality of race portions 584 that in cooperation
with a corresponding plurality of race portions 586 on a
suitable mounting structure 388 forming part of machine 10,
define races 590 within which rollers 592 are housed.
Toothed rollers 592 are rotatable within races 390 and direct
the translational movement of pawl 60 toward blade 40
when the blade strikes pawl 60. The rollers also reduce the
friction of moving the pawl under braking load relative to a
sliding surface. Preterably, pawl 60 includes guide pins 593
that travel within tracks (not shown), which define the range
ol translational positions of pawl 60 while maintaining the
rollers 1n contact with the races.

In FIG. 23, another illustrative embodiment of a brake
mechanism 28 that includes a pawl 60 that moves wvia
translation into engagement with the blade or other cutting
tool 1s shown. Pawl 60 includes a contact surface that
preferably, but does not necessarily, conform to the outer
diameter of blade 40. Pawl 60 1s retained 1n 1ts cocked, or
restrained, position by restraining mechanism 32, which as
shown, includes one or more fusible members 70. Prefer-
ably, braking mechanism 28 includes guide structure 501
that defines a track 503 along which the pawl travels as 1t 1s
urged toward the blade or other cutting tool by biasing
mechanism 30. An example of such a guide structure 1s
shown 1n FIG. 23, 1n which the guide structure includes a
housing 503 1into which the pawl 1s at least partially received
in 1ts cocked, or restrained position, and from which the
pawl at least partially projects upon release of restraining
mechanism 32. Much like a piston moving within a cylinder,
pawl 60 travels 1n a translational path defined by the inner
dimensions ol housing 505 under the urging of biasing
mechanism 30.

Other 1llustrative examples of brake mechanisms 28 with
translational pawls are shown 1n FIGS. 24 and 25. In FIG.
24, guide structure 501 includes two or more guide-engag-
ing members 507 that project from pawl 60 to engage a
corresponding number of guides 509. Guides 509 are spaced
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apart from the pawl and define the translational path of the
pawl. In FIG. 25, pawl 60 includes internal guide-engaging
members 507, such as one or more internal bores 511
extending parallel to the translational path of the pawl. A
corresponding number of guides 509 extend at least partially
within the bores to define the travel path of the pawl. In
FIGS. 23-25, pawls 60 are urged along a translational path
directly into blade 40. It should be understood that the pawls
and/or the gumde structure may be inclined at an angle
relative to the blade, such as to counteract the angular
momentum of the blade or to utilize the braking force to
draw the pawl more tightly against the blade.

Although the exemplary embodiments are described
above 1n the context of a single brake pawl that engages the
teeth of a blade, the brake system may incorporate a brake
mechanism with two or more pawls that engage two or more
locations on the perimeter of the blade to decrease the
stopping time and/or spread the stopping forces. An example
of such a brake mechanism is shown in FIG. 26, in which the
brake mechanism includes two spaced-apart pawls 60
adapted to engage the perimeter of blade 40. Pawls 60 are
only schematically 1llustrated in FIG. 26 and could include
any of the previously described pawl or pawls incorporating
one or more of the features, elements, subelements and
variations described above. The pawls may be released from
their to cocked, or restrained, positions by a common release
mechanism, or each pawl may have 1ts own release mecha-
nism. When brake mechanism 28 includes plural pawls, 1t
may be desirable to position the pawls on opposite sides of
the arbor about which the blade rotates to reduce the load on
the arbor when the brake mechanism 1s actuated and the
pawls engage the blade.

When brake mechanism 28 includes plural pawls, the
pawls may also be constrained or interconnected to act
together. An example of such a brake mechanism 1s shown
in FIG. 27, in which the brake mechanism includes a
plurality of interconnected pawls 60. As shown, each pawl
60 includes one or more toothed regions 513 having a
plurality of teeth 515. Regions 513 of adjacent pawls 60 are
interconnected by toothed gears, or linkages, 517 that com-
municate the rotation of one pawl to the other pawls so that
the pawls move as a unit. It should be understood that one
or more of the pawls or gears are coupled to a suitable
biasing mechanism and restraining mechanism to bias the
pawls mto contact with blade 40 and to selectively restrain
the movement of the pawls until the reaction subsystem 1s
actuated. In a variation of the brake mechanism shown 1n
FIG. 27, gears 317 may be omitted, in favor of links
interconnecting the pawls.

As discussed, the pawl or pawls of brake mechanism 28
may contact any suitable portion of blade 40 or other cutting
tool 14. In the illustrative embodiments shown in FIGS.
2-27, the pawls were mounted to engage the teeth or outer
perimeter of the blade. An example of another suitable
contact portion of the blade 1s the side of the blade. Spe-
cifically, brake mechanism 28 may include two or more
pawls adapted to engage opposed sides of the blade. An
example of such a brake mechanism 1s illustrated in FIG. 28.
As shown, pawls 60 are pivotally mounted on either side of
blade 40. Each pawl includes a blade-engaging portion 540
adjacent the blade, and a distal portion 519. The pawls are
pivotally mounted on pins 521 that pass through pivot
apertures 323 in the pawls intermediate the blade-engaging
portion and the distal portion. Lever arms 5235 are coupled
to distal portions 519. Thus, when the lever arms of each
pawl are pivoted upward (as viewed in FIG. 28), the
blade-engaging portions close together. The pawls are




US 7,024,975 B2

15

mounted relative to the blade so that the contact surfaces
pivot toward the blade 1n the direction of blade travel. Once
the pawls contact and grip the blade, they continue to pivot
inward pulled by the downward motion (as viewed 1n FIG.
28) of the blade. As a result, the blade 1s pinched more and
more tightly between the contact surfaces 510 of the pawls
until the pawls can close no further, at which point the blade
1s stopped between the pawls.

To ensure that both pawls close together on the blade, a
linkage 527 is attached, at one end, to lever arms 525.
Linkage 527 1s coupled to a biasing mechanism, not shown,
which urges the pawls into contact with the blade, through
force exerted through linkage 527 and lever arms 525.

It will be appreciated that the dual-pawl system described
above may be implemented with many variations within the
scope ol the invention. For example, the linkage may be
driven upward by any of the other actuating means described
above, including an explosive charge, solenoid, compressed
gas, etc. As another example, one or more pawls may be
positioned to contact only one side of the blade. Addition-
ally, the linkage may be omitted, and each pawl actuated by
a separate spring, explosive charge, solenoid, etc. Similarly,
although a circular blade 40 was used to 1llustrate one type
of cutting tool for which the brake system may be used, 1t
may also be used with other shapes of blades, such as blades
used 1n jointers, shapers and band saws.

It 1s believed that the disclosure set forth above encom-
passes multiple distinct inventions with independent utility.
While each of these mventions has been disclosed 1in 1ts
preferred form, the specific embodiments thereol as dis-
closed and 1llustrated herein are not to be considered 1n a
limiting sense as numerous variations are possible. The
subject matter of the inventions includes all novel and
non-obvious combinations and subcombinations of the vari-
ous elements, features, functions and/or properties disclosed
herein. No single feature, function, element or property of
the disclosed embodiments 1s essential to all of the disclosed
inventions. Similarly, where the claims recite “a” or “a first”
clement or the equivalent thereof, such claims should be
understood to include incorporation of one or more such
clements, neither requiring nor excluding two or more such
clements.

It 1s believed that the following claims particularly point
out certain combinations and subcombinations that are
directed to one of the disclosed inventions and are novel and
non-obvious. Inventions embodied in other combinations
and subcombinations of features, functions, elements and/or
propertiecs may be claimed through amendment of the
present claims or presentation of new claims in this or a
related application. Such amended or new claims, whether
they are directed to a diflerent invention or directed to the
same 1nvention, whether different, broader, narrower or
equal 1n scope to the original claims, are also regarded as
included within the subject matter of the mventions of the
present disclosure.

What 1s claimed 1s:

1. A woodworking machine comprising:

a rotatable blade having one or more teeth;

a detection system associated with the blade and config-
ured to detect one or more dangerous conditions; and

a brake mechanism configured to stop the rotation of the
blade 1t one of the dangerous conditions 1s detected,
where the brake mechanism includes at least one brake
pawl configured to pivot into the teeth of the blade.

2. The machine of claim 1, where the brake pawl 1s

plastic.
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3. The machine of claim 2, where the brake pawl 1s metal.

4. The machine of claim 1, where the brake pawl 1s
aluminum.

5. The machine of claim 1, further comprising a spring
configured to urge the brake pawl into the teeth of the blade,
and where the brake pawl includes at least one engagement
member adapted to be engaged by the spring to position the

spring relative to the brake pawl.

6. The machine of claim 3, further comprising a restrain-
ing mechanism configured to releasably hold the brake pawl
spaced-apart from the blade against the urging of the spring,
and where the brake pawl includes a mounting structure for
connecting the restraining mechanism to the brake pawl.

7. The machine of claim 6, where the mounting structure
1s spaced-apart from the engagement member.

8. The brake system of claim 1, wherein the brake pawl
1s self locking against the blade upon contact with the teeth.

9. A woodworking machine comprising;:

a cutting tool having one or more teeth;

a motor configured to drive the cutting tool;

a detection system adapted to detect one or more danger-
ous conditions between a person and the cutting tool;
and

a brake mechanism including a brake pawl movable 1nto
contact with the cutting tool so that a tooth-engaging
portion of the brake pawl binds against the teeth of the
cutting tool to stop movement of the cutting tool when
the detection system detects at least one of the danger-
ous conditions:;

where the tooth-engaging portion of the brake pawl 1s
formed of metal.

10. The machine of claim 9, where the one or more teeth
are formed of a material having a lesser hardness than the
tooth-engaging portion so that the tooth-engaging portion
bites into the teeth.

11. The machine of claim 9, where the tooth-engaging
portion 1s formed of aluminum.

12. The machine of claim 11, where the one or more teeth
are formed of a maternial having a greater hardness than
aluminum so that the teeth bite into the tooth-engaging
portion when the tooth-engaging portion binds against the
teeth.

13. A woodworking machine, comprising:

a movable cutting tool for cutting workpieces;

at least one motor configured to drive the cutting tool;

a detection system configured to detect one or more
dangerous conditions between a person and the cutting,
tool; and

a brake mechanism configured to stop movement of the
cutting tool upon detection of one of the dangerous
conditions by the detection system:;

where the brake mechanism includes one or more metal
braking components configured to move into contact
with, and bind against, the cutting tool to stop move-
ment of the cutting tool, and where the braking com-
ponents iclude one or more ridges adapted to at least
partially bite into the cutting tool.

14. A woodworking machine, comprising:

a movable cutting tool having one or more teeth;

a motor configured to drive the cutting tool;

a detection system configured to detect one or more
dangerous conditions between a person and the cutting,
tool; and

a brake mechanism including at least one brake pawl
configured to engage the cutting tool upon detection of
one of the dangerous conditions by the detection sys-
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tem, and to pivot tightly into, and bind against, the teeth
to stop the movement of the cutting tool.
15. The machine of claim 14, where the brake pawl is
configured to be pulled into binding engagement with the
cutting tool by the teeth of the cutting tool.
16. A woodworking machine comprising:
a rotatable blade having one or more teeth;
a detection system associated with the blade and config-
ured to detect one or more dangerous conditions; and

brake means for stopping the rotation of the blade 1f one
of the dangerous conditions 1s detected, where the
brake means includes brake pawl means for pivoting
into the teeth of the blade.

10

18

17. A woodworking machine comprising:

a rotatable blade having one or more teeth, where the
blade 1s generally planar;

a detection system associated with the blade and config-
ured to detect one or more dangerous conditions; and

a brake mechanism configured to stop the rotation of the
blade 11 one of the dangerous conditions 1s detected,
where the brake mechanism includes at least one brake
pawl configured to pivot into the teeth of the blade
around an axis generally perpendicular to the plane of

the blade.
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Thirteenth Day of June, 2006

JON W. DUDAS
Director of the United States Patent and Trademark Office



	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

